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This invention'l relates to the removalv of sus 
pended foreign matter from:a liquid, and more 
particularly> to a-method and, apparatus for elec 
tro‘statically precipitating solids from 'a 'liquid with 
4a high-dielectric constant. Thefmethod: and Vap 
paratus of the invention are particularly well 
adapted to be used in 4removing suspended dirt 
particles from a used'dry cleaning: solvent and will 
be described in connection with this application, 
although as the description proceeds it will be 
apparent that they vcan also'be used to remove 
other'types of suspended’for'e'ign materials from 
other’types of high dielectric liquids. 

In conventional `dry- ycleaning processes the 
goods/to be cleaned'are >commonly placed in a 
tumbler comprising a rotatable foraminous drum 
mounted for Vrotation in a'closedl casing.` A quan 
tity of` a solvent, e. g., the‘well-knowfn'lStbddard 
solvent (a petroleum base solvent having ya flash 
point of the order -of 100° to'105° FJ', is then in 
troduced into the >tumbler casing and the drum 
isv rotatedto >agi-tate' »the goods in` Contact with 
the solvent' and thereby wash them. The solvent 
removes oily and greasy materials fromthe- goods 
and also removes nne dirt particles which vbecome 
suspendedin the solvent. In forder'to recover 
thesolvent for reuse it is necessary'to remove 
these suspended` dirt particles and their removal 
is ordinarily effected by pass-ing the :solvent 
through a conventional filter press. ' 

1 The use of a filter press- for removalof solids 
from the solvent is disadvanta‘geous for :a num 
ber of-reasons. The> filtration rate is relatively 
low even when suitable ñlter aids areused. In 
cases where it may be desirable to remove solvent 
from the tumbler, filter it and return it to the 
tumbler in a continuous circulating systemï'such 
low nltration rates present a serious problem since 
a very large filtering area is required to achieve 
practicable circulation rates. The large area re 
quired means that alarge ñlter press or afnuml 
ber of filter presses connected rin» parallel must 
be used. » 

Furthermore, thecleaning of the filter press 
or` presses is' a time and labor-consuming pro 
cedure. Also the filters aref necessarily out of 
service during the time that they are being cleaned 
and hence the amount of ñltering’e'quipment re 
quired for any given installation must be in 
creased to an extent'sufiicient to ensure adequate 
filtering capacity in service duringvthe periods 
when filters are being cleaned. 

Accordingly it is an object of the present in 
vention to provide an improved method and »ap 
paratus for removing suspended foreign mate 
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rialsfrom' a liquid“ having a high dielectric» con 
stant. It is another object of the invention to 
provide'anï'improved method and apparatus for 
removing"`suspended dirt particles from a used 
dry cleaning'solvent. It is still another object 
o‘fî theinve'ntion to provide a method'and appa 
ratus for’ removing suspended solids from aliq 
uir‘d that permits the use of high liquid flow rates'. 
It' i‘s’a further object of the invention to provide 
apparatus for removing suspended particles from 
a liquid ‘which apparatus is so constructed that 
accumulated precipitated particles can be rapidly 
and 'easily removed from ìthe apparatus. Other 
objects of the’ 'invention >will bein part obvious 
and Vin part pointed out' hereafter. Y  
"The V:many objects and advantages of the' pres 

lentïinventi'o’n'can best be appreciated by refer 
.enceto the accompanying drawing which illus 
trates apparatus incorporating a preferred em 
bodiment of the presentV invention and capable 
yof carrying‘fout the method’ of the invention. vwIn 
the drawings: ' i 

Fig; Iîis a top‘pl'an view‘fof the apparatus; 
Fig. Zis anelevation> view of the apparatus 

z showing the manner in" which the apparatus cas 
ing is> constructed; 

Fig'. 3 "is'anr’axial 'section taken on the line 3-3 
fofFig. l a'n'd'showingY the relationship between 
the electrodes'V and the’ dielectric maze between 
the-electrodes; ' . ' 

Fig. llisa transverse ysection taken on the line 
v11”-4" ofL Fig; 3 andi showing the lower electrode in 
bottom plan’view; and ` 

"Fi‘gg 5 is a flow f'iiagramÍ` illustrating the manner 
in’ Whichthevapparatus may be connected into 
a solvent circulating system'. 
In accordance with one aspect of the method 

of the invention they dry cleaning solvent or other 
.liquid containing suspended particles that are 'to 
fb'eirem'ove'dfis: caused >to iiow through a loosely 
packed maze of non-conductive material andthe 
maze‘is subjected tothe action of anelectrostatic 
iieldftocauseithe particles to be deposited on the 
surfaces: of ' the' non-conductive material. The 
termi“loosely packed” as used ‘inthe present speci 
ficationand'claimsisintended to describe a maze 
thatY is 'so loosely packed" that itY 'performs no 
appreciable mechanical filtering action on the 
suspensionl ñow therethrough. The use of such 
a loosely'packedï maze presents important advan 
tages in the removal ofsuspended particles from 
a liquid medium in that 'the pressure drop through 
such a maze’isvery lsniall as compared with the 
pressure drop through a1 conventional filter and 
the ñowfratesiobtainablef per unit cross-sectional 
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area of the flowing stream are greatly in excess 
of those that can be obtained with a conventional 
filter. The present method can be most easily un 
derstood by reference to the drawing which illus 
trates apparatus for carrying out the method. 
Referring to the drawing, and more particular 

ly to Fig. 3, the numeral I0 generally designates 
a precipitator which comprises a cylindrical con 
duit I I, made of a suitable non-conductive mate 
rial such as glass, hard rubber or a plastic, and 
the end caps I2 and I4. The end cap I2 is lpref 
erably made of a metal and has formed therein 
an annular groove I6 into which the lower end 
of cylindrical conduit II fits. A gasket I8 is pro 
vided between the lower edge of conduit II and 
end cap I2 to ensure a liquid-tight seal between 
these two elements. 
ñts into a groove 20 in the upper end cap I4 and 
a gasket 22 is provided between the conduit Il 

_ and upper end cap I4 to ensure a liquid-tight seal 
therebetween. The end cap I4 is preferably made 
of a non-conductive material. 
The end caps I2 and> I4 are held in place 

against the conduit II by means of the tie rods 
24 which are threaded into the lower end cap 
I2 and provided at their upper ends with the 
nuts 26 that may be taken up to urge the end 
caps I2 and I4 against the lower and upper end 
of conduit I I respectively to provide a liquid-tight 
casing. 
The lower end cap I2 is provided with an inlet 

connection 28 through which liquid may be in 
troduced into the bottom of conduit II and end 
cap I4 is provided with a discharge nipple 30 
through which liquid may be discharged from 
conduit II. The nipple 30 is connected to a dis 
charge pipe 32 by means of a connector 34 made 
of a non-conductive substance, such .as rubber, 
and hence the discharge nipple 30 is electrically 
insulated from the discharge pipe 32. 
Mounted within the conduit I I there are a pair 

of electrodes 36 and 38 which, as shown, are discs 
of metal screen material arranged horizontally 
and extending to the walls of the conduit II. 
The space between the electrodes 36 and 38 is 
filled with a loosely packed nbrous dielectric ma 
terial such as the ñnely spun glass wool 40. As 
pointed out hereafter other dielectric materials 
may be used in place of the glass wool 40. 
The electrode 36 is electrically connected to 

the discharge nipple 30 by a conductor 42 which 
also serves to support and position the electrode 
36. The lower electrode 38 is supported from the 
lower end cap I2 by means of the rods 44 which 
also serve to provide an electrical connection be 
tween the electrode and end cap. 

'I'he loosely packed glass wool maze 40 is sub 
jected to the action of an electrostatic field by 
application of a relatively high D. C. potential 
to the electrodes 36 and 38 from a suitable high 
potential source 46. The source 46 may, for ex 
ample, be a conventional “power pack” which 
receives energy from a. relatively low voltage al. 
ternate current source and converts it into direct 
current at the desired relatively high voltage. 
The positive pole of the source 46 is connected 
by a conductor 48 to the discharge nipple 30 
and hence is effectively connected to the upper 
electrode 36. The negative pole of the source 46 
is connected by a conductor 50 to one of the tie 
rods 24 and hence is effectively connected through 
end cap I2 and rods 44 with the lower electrode 
38. If desired, the lower electrode may be 
grounded as indicated in Fig. 3. 
One way in which the precipitating apparatus 

The top of the conduit II; n 
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of the present invention may be used is illus 
trated in Fig. 5 of the drawings. Referring to 
Fig. 5 the numeral 52 designates a conventional 
tumbler wherein goods to be dry cleaned may 
be washed with a solvent as previously described. 
The used solvent is continuously ̀ withdrawn from 
the washer .S2-through' a pipe 54 by a pump 56 
which pumps the solvent through a pipe 58 to 
and through precipitator I0. From the precipi 
tator IIJ solvent iiows through discharge pipe 32 
and may iiow either through a pipe 60 containing 
a shutoü valve 62 to the washer 52 or through 
a pipe 64 containing shutoff valve 66 to a Stor- 
age tank 68.> ' ’ 

~ The operation of the precipitator of the pres 
ent invention when incorporated in the system 

l shown in Fig.`5 is largely manifest from the fore 
going description. The electrodes 36 and 38 are 
charged to a suitable voltage, say 10,000 to 15,000 
volts. Dry cleaning solvent containing suspended 
dirt particles is pumped by the pump 56 from 
the washer 52 to the precipitator I0 and flows 
through the interstices in the electrode 38, thence 
through the glass wool maze 40 and the inter-l 
stices in the electrode 36 to the discharge pipe 
32. The valve 66 is normally closed and the 
valve 62 is normally open to cause the solvent 
fiowing through discharge pipe 32 to be returned 
through pipe 60 to the washer. Y 
As the solvent iiows through the maze 40 the 

suspended particles are deposited on the surfaces 
of the glass wool fibers. While I do not wish to 
be bound by any particular theory of operation 
of the device, my present understanding is that 
the charged electrodes produce an electrostatic 
field such that charges are induced on the sur 
faces of the glass woolñbers 40 and the sus 
pended particles in the solvent are attracted to 
and held on the fiber surfaces by these induced 
charges. Whatever may be the proper theoretical 
explanation of the operation of the present pre 
cipitator, it has been found that eñîective clari 
fication of a dry cleaning solvent can be achieved 
by the use of the present device and hence by 
using the system of Fig. 5 suspended dirt can be 
continuously removed from the 'dry cleaning sol 
vent an-d clarified solvent returned to the washer. 
When it is desired to remove the dirt particles 

from the surfaces of the maze the potential 
source 46 is disconnected, valve »62 closed, valve 
66 opened, and the dirt is iiushed out of the maze 
into the storage tank 68. The loose packing of 
the maze 40 facilitates removal of the dirt par 
ticles deposited thereon. It has been found that 
a substantial proportion of the deposited dirt 
can be removed from the maze by such a simple 
flushing operation. When complete removal of 
the precipitated dirt from the precipitator is de 
sired, the precipitator may be disassembled and 
the glass wool maze removed and cleaned or re 
placed by a fresh quantity of glass wool. It'is 
apparent from a consideration of the structure 
shown in the drawing that the glass Wool maze 
can be easily and rapidly removed from the pre 
cipitator and that its removal is neither so la 
borious nor so time-consuming as the operation 
of cleaning a conventional filter press. 

It has been found that the presence of certain 
foreign materials in the liquid medium decreases 
the effectiveness of the precipitating action and 
it is therefore desirable that the liquid medium 
be free from these materials. In the case of a 
dry cleaning solvent, for example, the presence 
of water and/or soap in the solvent tend to de 
crease the effectiveness of the precipitating ac-A 
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tion. In general it is desirable that the liquid 
medium be as nearly non-conductive as prac 
ticable. 
In order to point out more completely the na~ 

ture of the present invention the following spe~ 
ciñe example is given to illustrate a typical set 
of operating conditions for the present device. 
A precipitator was constructed as described above 
and having a cross-sectional area of about one 
square foot. The electrodes were formed of 10 
mesh galvanized iron screen and were spaced 5 
inches apart. The space between the electrodes 
was filled With approximately 0.8 pounds of finely 
spun glass Wool. A 110W of ‘Stoddard solvent, 
which had previously been used in a dry clean 
ing operation and contained ñnely divided sus 
pended dirt particles, was established through 
the precipitator. A potential of 13,000 volts i. e. 
2600 volts per inch was used across the two elec 
trodes and it was found that complete clarifica 
tion of the solvent could be achieved with flow 
rates as high as 10 gallons per minute. This iioW 
rate was compared with flow rates obtainable on 
conventional filters with the same solvent and it 
Was found that with the present precipitator now , 
rates could be achieved of the order of 20 times 
those obtainable with conventional ñlters. 
The now rate, voltage and electrode spacing 

appear to be interrelated. Thus if it is desired 
to use a higher flow rate than indicated in the 
foregoing example and still obtain complete clari 
fication, the voltage used should be increased or 
the electrode spacing decreased. Similarly, if it 
is desired to decrease the voltage for a given flow 
rate, the electrode spacing should be decreased. 
From the foregoing example it may be noted 

that the screen electrodes have holes that are 
relatively large with respect to the size of the 
dirt particles and that the glass Wool fibers are 
loosely packed so that there is no mechanical 
iiltering action with this structure and the re 
moval of the suspended matter is accomplished 
entirely by electrostatic action. Moreover the 
finely spun glass Wool presents a very large sur 
face area on which suspended particles may de 
posit. This large effective precipitating area to 
gether With the loose packing of the maze mate 
rial permits the use of exceptionally high flow 
rates. 

It is, of course, to be understood that the fore 
going example is illustrative only and numerous 
changes in structure and modifications in oper 
ating conditions may be made Within the scope 
of the invention. Although it has been found that 
finely spun glass Wool is particularly useful in 
the present precipitator, other high dielectric ma 
terials that are capable of forming a loosely 
packed maze may be used. Thus such materials 
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6 
as rock Wool as Well as synthetic plastic fibers and 
the like may be used. Also non-fibrous mate 
rials such as electrically non-conductive granu 
lar materials may be used, although fibrous ma 
terials are preferred since in general they are 
more effective in providing the desired combina 
tion of large surface area and loose packing. 
The present precipitator is not limited to its 
application in the removal of suspended dirt 
particles from a dry cleaning solvent, but may 
also be used to remove other types of suspended 
foreign materials from other types of non-con 
ductive liquid media. For example, it may be 
used to remove suspended carbon particles from 
a lubricating or transformer oil. 

Since many embodiments might be made of 
the present invention and since many changes 
might be made in the embodiment disclosed here 
in, it is to be understood that the foregoing de 
scription is to be interpreted as illustrative only 
and not in a limiting sense. 

I claim: 
1. The method of removing suspended dirt par 

ticles from a used petroleum base dry cleaning 
solvent at high flow rates which comprises pass 
ing said solvent through a loosely packed maze 
of glass Wool at a flow rate of at least about 10 
gallons per minute per square foot of filter area 
and subjecting said maze to an electrostatic field 
by applying across said maze a direct current 
potential of 10,000 to 15,000 volts to cause said 
particles to deposit substantially uniformly on 
the surfaces of said glass Wool. 

2. The method of removing suspended dirt par 
ticles from a used petroleum base dry cleaning 
solvent at high flow rates which comprises pass 
ing said solvent through a loosely packed maze 
of glass wool at a fiow rate of at least about 10 
gallons per minute per square foot of filter area 
and maintaining across said maze a direct cur 
rent potential gradient of about 2600 volts per f 
inch of electrode separation to cause said parti 
cles to deposit on the surfaces of said glass Wool. 

HENRY FREDERICK HAMLIN. 
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